Gentamicin, whether administered either intravenously, incorporated into bone cement or for local intra-operative irrigation, is a commonly used antibiotic in orthopaedic practice. The former two have been well studied, however the literature on the therapeutic efficacy and safety of gentamicin irrigation is sparse. The objective of this study was to assess systemic absorption of gentamicin irrigation in joint replacement surgery. This was a non-randomised, prospective study. Ninety-eight patients (group A) who underwent total joint replacement and 40 patients (group B) who underwent hemi-arthroplasty were treated intraoperatively with gentamicin irrigation. Serum gentamicin levels were assayed at 4 hours and 24 hours post-surgery. Sixteen of 98 patients in group A (16%) and 12 out of 40 patients in group B (30%) were found to have serum gentamicin level above 2mcg/ml at 4 hours post-surgery. We conclude that intra-articular gentamicin irrigation is systemically absorbed at substantial levels.
INTRODUCTION
Infection following joint replacement surgery is a devastating complication for the patient and is costly for patients, surgeons, hospitals and third party payers 1 . The incidence rate of postoperative infection in this population is one to two percent as reported in the literature [2] [3] [4] [5] [6] . Contemporary methods of prophylaxis for infection such as perioperative antibiotics, laminar air flow surgical suites and body-exhaust systems have shown to reduce postoperative sepsis 3, 7 . The rate is further reduced if antibiotics and laminar flow suites are used together 8, 9 . The introduction of antibiotic cement in cemented joint arthroplasty surgery has also had a beneficial in the reduction of deep sepsis following joint replacement surgery 10 . Attempts to further reduce the incidence of post-operative wound sepsis also have included topical antibiotic irrigation during prosthesis implantation 11, 12 , however the practice remains controversial due to reports of adverse effects and lack of clinical efficacy documentation in the literature [13] [14] [15] . The primary objective of this study was to determine whether systemic absorption occurs after topical gentamicin irrigation during joint replacement surgery.
MATERIALS AND METHODS
Patients who underwent total knee replacement, total hip replacement and hemi-arthroplasty of the hips and shoulders at Hospital Pulau Pinang, Malaysia from July 2003 to July 2004 were included in this study. The same surgeon operated on all patients. Patients with renal impairment, on intravenous gentamicin therapy and patients who had intraoperative complications such as bleeding, prolonged surgery and iatrogenic fractures were excluded from this study. Patients received intravenous Cefuroxime 1.5gm prophylactically prior to surgery and 750mg every 8 hours post-operatively for 2 doses. Intra-operatively, four ampoules of gentamicin (total, 320mg) were used. Two ampoules of gentamicin (180mg) diluted with 20 mls of normal saline, were used to irrigate the wound prior to prosthesis implantation and another two ampoules (180 mg) diluted with 20 mls of normal saline were used for irrigation prior to wound closure. Non-antibiotic impregnated cement was used in this study. Pulsatile lavage was not used in this study. A single drainage tube was inserted into the joint before wound closure.
Venous blood was drawn for serum gentamicin levels at 4 and 24 hours post-operatively and renal function was monitored as well.. All patients were followed for any signs and symptoms of post-operative wound infection or renal impairment. Superficial wound infection was recorded if the wound was inflamed with erythema and induration, but did not requiring any further surgical procedures. Any infection extending beyond the deep fascia that needed surgical exploration, drainage or implant revision was classified as deep infection. Statistical analysis was performed using SPSS statistical software (version 8.0 for Windows SPSS Inc, Chicago, Illinois). Statistical significance was established at the p <0.001 levels This study was terminated in July 2004 when the authors noted that results revealed significant systemic absorption of gentamicin irrigation. The practice of antibiotic irrigation during orthopaedic surgery was discontinued in our institution at that time.
RESULTS
A total of one hundred and eighty patients had joint replacement surgery during the time period in which this study was conducted. Forty-two patients were excluded due to failure to fulfil the inclusion criteria or incomplete clinical data. Out of the remaining one hundred and thirty-eight patients, ninety-eight patients had total joint replacement (group A) and forty had hemi-arthroplasty (group B).
In group A, there were 23 patients with total hip replacements and 75 total knee replacements. Justification for the surgical procedure included: osteoarthritis, 79; rheumatoid arthritis, 3; proximal femur fracture, 8; and avascular necrosis of the femur head, 4. The mean age for group A was 63.5 years (ranged 28-80y). Forty-seven underwent surgery on the left side and 51 on the right. In group B, there were 40 patients with hemi-arthroplasties of the hips and shoulders (Austin-Moore hip arthroplasty, 2; bipolar hip arthroplasty, 2; and hemi-shoulder arthroplasty, 3). The mean age for group B was 71.3 years (ranged 37-87y) ( Fig. 1) . Twenty-three patients underwent procedures on the left side and 17 on the right. Patients in group B were statistically significantly older than those in group A and the difference was statistically significant (Student T test: p< 0.001). However, there was no significant difference in term of medical comorbidities (Chi-square test, p= 0.607). A majority (96.4%) of the patients were female.
In group A, the mean serum gentamicin level at 4 hours postsurgery was 1.65 mcg/ml (range, 0.00 to 16.06mcg/ml). Sixteen out of ninety-eight patients (16%) showed serum gentamicin levels above 2.00 mcg/ml, and in three patients the level was more than 10.00mcg/ml (Table I) . At 24 hours post-surgery, the mean serum gentamicin was 0.47mcg/ml (range, 0.00 to 6.32mcg/ml), and five patients (5.1%) still had serum gentamicin level above 2 mcg/ml at this stage (Table II) .
In group B, the mean serum gentamicin level was 4.06mcg/ml (ranged from 0.13 to 39.57mcg/ml) after 4 hours post-surgery, and twelve out of forty patients (30%) had serum gentamicin levels above 2.00mcg/ml. Four patients had levels above 10.00mcg/ml (Table I) . At 24 hours postsurgery, the mean serum gentamicin level was 0.48mcg/ml (range, 0.00 to 4.42mcg/ml) and only one patient had a level above 2.00 mcg/ml (Table II) . There was no significant difference between serum gentamicin levels found in group A and group B at 4 (p= 0.114) and 24 hours (p=0.826) postoperation (Table III ).
All patients were followed up at one month, three months, six months and subsequently one-year intervals. None of the patients in either group developed systemic complications that can be associated with the use of gentamicin. All renal functions remain normal and there were no signs and symptoms of nephrotoxicity and ototoxicity.
In group A, six patients (6.1%) developed a superficial wound infection. All of these had a total knee replacement. Four out of these six patients have pre-existing diabetes mellitus, and their infection resolved following treatment with intravenous antibiotics. None required further surgery or revision for infection. No infection was noted in group B.
DISCUSSION
Infection remains a devastating complication of total joint replacement surgery, and represents a significant burden for both patient and surgeon, but despite exhaustive prophylactic measures, infection rates still remain at 1-2% [3] [4] [5] [6] . Contemporary methods such as peri-operative prophylactic antibiotics, laminar airflow operating suites and bodyexhaust systems have reduced the incidence of deep sepsis after total joint replacement surgeries and the use of antibiotic bone cement in cemented total joint replacement is effective in combination with other prophylactic measures 4, 7, 10, 16 . Despite such exhaustive prophylactic measures, intraoperative contamination is still possible 2 , thus leading to the recommendation for use of diluted topical antibiotics for irrigation to reduce intra-and post-operative wound infection has been recommended 11, 12, [29] [30] [31] . There have however been reports of anaphylactic reactions following the use of Bacitracin irrigation 13, 17 , and systemic absorption is also a concern [18] [19] [20] [21] . This raises the issue of and concern about the safety of using diluted topical antibiotics irrigation in surgical wounds. Weinstein et al. demonstrated that systemic absorption of neomycin sulphate occurred in patients who underwent total hip replacement with intra-operative neomycin wound irrigation, thus increasing the risk of nephrotoxicity and ototoxicity 21 .
Gentamicin belongs to the aminoglycoside class of antibiotic. It covers a broad spectrum of organism including certain type of gram positive and most of the gram-negative bacteria. Even when its association with ototoxicity and nephrotoxicity is well established, it remains one of the commonest antibiotics used both intravenously or topically due to its good coverage, less resistance and low cost. T Ta ab bl le e I II I: : 24 hours post-operation serum gentamicin level
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Gentamicin also has been widely used for irrigation in practice of medicine. Examples are bladder irrigation, nasal irrigation, conjunctival irrigation in cataract surgery and mediastinal irrigation in cardiac surgery 19, 22 . As Gentamicin impregnated bone cement and beads had been well studied and widely accepted in orthopaedic practice, the use of gentamicin as irrigant in joint replacement surgery has been popular but poorly understood. We were not able to find published data on the systemic absorption and beneficial effect of gentamicin irrigation in different types of joint replacement surgery.
There is very narrow therapeutic index for gentamicin [25] [26] [27] [28] . In clinical practice, when intravenous gentamicin is prescribed to a patient, the serum gentamicin level should be maintained below 2 mcg/ml. Serum level above 12mcg/ml shortly after delivery (post-dosage) should also be avoided. High peak and/or trough serum concentrations of gentamicin increase the risk of nephrotoxicity and ototoxicity [25] [26] [27] . Acute renal failure after use of gentamicin -impregnated beads and block spacer has been reported 22 . The possibility of systemic absorption is of most concern when gentamicin is used as an irrigation solution in joint replacement surgery because such procedures are mostly performed on the elderly; this H He em mi ia ar rt th hr ro op pl la as st ty y population is more vulnerable to such toxicity because pharmacokinetic variability is known to be more prevalent in the aged 23, 27, 28 . There is also question of the efficacy of gentamicin irrigation in term of infection control in joint replacement surgery. The present study includes group A (total joint replacements) and group B (hemi-arthroplasty). Both groups shown significant increased in serum gentamicin level beyond 2mcg/ml (16% and 30%) at 4 hours after procedure.
Results reported in the current manuscript also raise the concern of potential nephrotoxicity and ototoxicity, since even at 24 hours following surgery, Group B had more patients with high serum gentamicin levels (although the number is not statistically significant). The absolute gentamicin levels were also much higher in group B patients. One possible explanation for this difference between groups is that the mean age of patients was higher in group B. As elderly patients have substantial pharmacokinetic variability and unpredictable renal clearance as compared to more youthful populations, they maybe more susceptible to the effect of the drug 23 . There was however no clinical or biochemical evidence of renal impairment. This was not unexpected as the duration of exposure to the gentamicin in these patients was relatively short.
The incidence of superficial infection was 6.1% in group A, meaning that the practice of topical gentamicin irrigation into the joint did not reduce infection rate in total joint replacement procedures, and thus raising the concern that the institution would be promoting the promotion of unnecessary antibiotic resistance if the irrigation practice were to continue. Likewise, Anglen has shown that antibiotic irrigation demonstrated no improvement in outcome in prospective studies 24 . There are at least three reasons not to use antibiotics if they are not effective: unnecessary cost; rare but serious risk of toxicity; and promotion of antibiotic resistance 15 . The lack of a prospective, double blinded and randomised trial design was a weakness of the study, and without a control group, we were unable to directly compare the infection rate of the surgeries. There were also questions of other variables involved in joint replacement surgeries, as there were different surface areas and varying blood supplies for the different types of surgery studied herein. Nevertheless, the study demonstrated that substantial systemic absorption occurred when topical gentamicin irrigation was used for total knee replacement, total hip replacement and hemi-arthroplasty of the hips and shoulders at our institution.
CONCLUSION
This study demonstrated that substantial systemic absorption of gentamicin occurred in patients undergoing joint replacement surgeries in which diluted gentamicin irrigating solution is used. Although gentamicin toxicity usually occurs after repeated high dose exposure, the risk must be taken into consideration especially since we were not able to demonstrate any beneficial effect in the reduction of wound infection.
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